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Biological activityAbstract The coordination complexes of Cr(III), Co(II), Ni(II) and Cu(II) derived from
5-bromosalicylidene-2-chloro-4-nitroaniline (HL1) and 5-bromosalicylidene-2-amino-5-chloroben-
zophenone (HL2) have been synthesized by conventional as well as microwave methods. These
compounds have been characterized by elemental analysis, FT-IR, FAB-mass, molar conductance,
electronic spectra, 1H-NMR, ESR, magnetic susceptibility, electrical conductivity and thermal
analyses. FAB-mass and thermal data show degradation pattern of the complexes. The thermal
behavior of metal complexes shows that the hydrated complexes lose water molecules of hydration
in the ﬁrst step; followed by decomposition of ligand molecules in the subsequent steps. The com-
putational studies of Cu(II) complex of 5-bromosalicylidene-2-chloro-4-nitroaniline have also been
done. Solid state electrical conductivity studies reﬂect the semiconducting nature of the complexes.
The Schiff base and metal complexes show a good activity against the Gram-positive bacterium;
Staphylococcus aureus and Gram-negative bacterium; Escherichia coli and fungi Aspergillus niger
and Candida albicans.
ª 2012 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
Transition metal complexes play a central role in the conduc-
tion of molecular materials, which display unusual conducting,
magnetic, thermal properties and ﬁnd applicability in material
chemistry, biochemistry and supramolecular chemistry
(Chandra and Kumar, 2005; Chandra and Sharma, 2009;
Soliman and Mohamed, 2004). Schiff base ligands containing
O and N donor atoms play an important role in coordination
chemistry related to catalysis and enzymatic reaction, magne-
tism and molecular architecture (Bagihalli et al., 2009; Spinu
CBr
OH
N
H
NO2
Cl
5-bromosalicylidene-2-chloro-4-nitroaniline (HL1)  
C N
H
Cl
CO
Br
OH
5-bromosalicylidene-2-amino-5-chlorobenzophenone (HL2) 
Figure 1 Structure of Schiff base ligands.
128 R.K. Jain, A.P. Mishraet al., 2001; Temel et al., 2006). Computational chemistry/
molecular modeling is the science (or art) of representing
molecular structures numerically and simulating their behavior
with the equations of quantum physics. Computational chem-
istry programs allow scientists to generate and represent molec-
ular data including geometries (bond lengths, bond angles,
torsion angles) (Issa et al., 2008; Maurya et al., 2006, 2008).
The applications of microwave-irradiation are used for car-
rying out chemical transformations, which are pollution free,
eco-friendly, low cost and offer high yields together with sim-
plicity in processing and handling. The salient features of
microwave approach are shorter reaction times, simple reac-
tion conditions and enhancements in yields (Garg et al.,
2006; Mahajan et al., 2007, 2009; Mohanan et al., 2008;
Sharma et al., 2010; Sun et al., 2010).
In the present paper, we have described the coordination
behavior of new Schiff bases derived from the condensation
of 5-bromosalicylaldehyde with 2-chloro-4-nitroaniline (HL1)
and 2-amino-5-chlorobenzophenone (HL2) (Fig. 1) toward
some transition elements, which may help in more understand-
ing of the mode of chelation of ligands toward metals. For this
purpose the complexes (Figs. 2 and 3) of Cr(III), Co(II), Ni(II)
and Cu(II) ions with HL1 and HL2 have been synthesized by
both conventional as well as microwave methods and charac-
terized by the various physicochemical and spectral analyses.
2. Experiment
2.1. Materials
All the chemicals and solvents used were of Anal R grade. All
the reagents used for the preparation of the Schiff bases wereobtained from Sigma Aldrich. Metal salts were purchased
from Loba Chemie.2.2. Physical measurements
Elemental analyses were performed on an Elemental Vario EL
III Carlo Erba 1108 analyzer. FAB-mass spectra were re-
corded on a JEOL SX 102/DA 6000. Electronic spectra (in
DMSO) were recorded on Perkin Elmer Lambda-2B-spectro-
photometer. Molar conductance measurements were con-
ducted using 103 M solutions of the complexes in DMSO
on Elico-CM 82 Conductivity Bridge at room temperature.
FT-IR spectra were recorded in KBr pellets on a Perkin Elmer
RX1 spectrophotometer in a wave number region of 4000–
400 cm1. 1H-NMR spectra were recorded on a JEOL
AL300 FTNMR spectrometer employing TMS as internal ref-
erence and DMSO-d6 as solvent. X-band EPR spectra were re-
corded on a Varian E-112 spectrometer at room temperature.
Thermogravimetric analysis was carried out under atmo-
spheric condition with a heating rate of 10 C min1 on
TGA Q500 universal V4.5A TA instrument. The solid state
electrical conductivity has been measured by impedance spec-
troscopic method using HIOKI 3532-50 LCR Hitester at a
ﬁxed frequency of 1 kHz in the temperature range of 297–
397 K. Microwave-assisted synthesis was carried out in an
open glass vessel on a modiﬁed microwave oven model 2001
ETB with a rotating tray and a power source 230 V, micro-
wave energy output 800 W and microwave frequency
2450 MHz. A thermocouple device was used to monitor the
temperature inside the vessel of the microwave. The microwave
reactions were performed using ON/OFF cycling to control
the temperature.2.3. Biological activity
The in vitro biological activity of the investigated Schiff base
and its metal complexes was tested against the bacteria Esche-
richia coli and Staphylococcus aureus by the disc diffusion
method using nutrient agar as the medium and streptomycin
as the control. The antifungal activities of the compounds were
also tested by the Well diffusion method against the fungi
Aspergillus niger and Candida albicans, on potato dextrose
agar as the medium and miconazole as the control. Each of
the compounds was dissolved in DMSO and the solutions of
the concentrations (25, 50 and 100 ppm) were prepared sepa-
rately. In a typical procedure, a well was made on the agar
medium inoculated with microorganism. The well was ﬁlled
with the test solution using a micropipette and the plate was
incubated for 24 h for bacteria at 37 C and for 72 h for fungi
at 30 C. During this period, the test solution diffused and the
growth of the inoculated microorganism was affected. The
inhibition zone was developed, at which the concentration
was noted.2.4. Molecular modeling studies
The 3D molecular modeling of a representative compound was
carried out on Chem Bio 3D Ultra Molecular Modeling and
Analysis Program (www.cambridgesoft.com). It is an interac-
tive graphics program that allows rapid structure building,
geometry optimization with minimum energy and molecular
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Figure 2 Proposed structures of metal complexes of HL1.
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compounds.2.5. Conventional method for the synthesis of Schiff bases
HL1 and HL2 Schiff bases were synthesized by the condensa-
tion of 1:1 ratio of 5-bromosalicylaldehyde (0.201 g, 10 mmol)
with 2-chloro-4-nitroaniline (0.173 g, 10 mmol) and 2-amino-
5-chlorobenzophenone (0.232 g, 10 mmol) dissolved in etha-
nol. The resulting reaction mixture was reﬂuxed on water bath
for 2–4 h and then allowed to cool overnight. The colored solid
precipitate of Schiff base obtained was ﬁltered, washed with
cold ethanol several times and dried in air at room temperature
and ﬁnally stored under reduced pressure in a CaCl2 desicca-
tor. The purity of the synthesized compounds was checked
by TLC using silica gel G (yield: 77–78%).2.6. Microwave method for the synthesis of Schiff bases
The equimolar (1:1) ratio of 5-bromosalicylaldehyde with 2-
chloro-4-nitroaniline and 2-amino-5-chlorobenzophenone
was mixed thoroughly in a grinder. The reaction mixture was
then irradiated by the microwave oven by taking 3–4 mL of
dry ethanol as a solvent. The reaction was completed in a short
time (3–4 min) with higher yields. The resulting product was
then recrystallized with ethanol, ﬁnally dried under reduced
pressure over anhydrous CaCl2 in a desiccator. The progress
of the reaction and purity of the product were monitored by
TLC using silica gel G (yield: 88–90%).2.7. Conventional method for the synthesis of metal complexes
The metal complexes were prepared by mixing (50 mL) etha-
nolic solution of CrCl3Æ6H2O/CoCl2Æ6H2O/NiCl2Æ6H2O/Cu-
Cl2Æ2H2O with the (50 mL) ethanolic solution of HL
1 Schiff
base in a 1:2 (metal/ligand) ratio and HL2 Schiff base in a
1:1 (metal/ligand) ratio. The resulting mixture was reﬂuxed
on water bath for 6–8 h. A colored product appeared on stand-
ing and cooling the above solution. The precipitated complex
was ﬁltered, washed with ether and recrystallized with ethanol
several times and dried under reduced pressure over anhydrous
CaCl2 in a desiccator. It was further dried in an electric oven at
50–70 C (yield: 57–72%).
2.8. Microwave method for the synthesis of metal complexes
The ligand and the metal salts were mixed in a 1:1 and 1:2 (me-
tal/ligand) ratio in a grinder. The reaction mixture was then
irradiated by the microwave oven by taking 3–5 mL of dry eth-
anol as a solvent. The reaction was completed in a short time
(6–9 min) with higher yields. The condensation product was ﬁl-
tered, thoroughly washed with ether and recrystallized with
ethanol and dried under reduced pressure over anhydrous
CaCl2. The progress of the reaction and purity of the product
were monitored by TLC using silica gel G (yield: 76–84%).
3. Results and discussion
As a result of the microwave-assisted synthesis, it was ob-
served that the reaction was completed in a short time with
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Figure 3 Proposed structures of metal complexes of HL2.
130 R.K. Jain, A.P. Mishrahigher yields compared to the conventional method. In the
microwave method homogeneity of the reaction mixture was
increased by the rotation of the reaction platform tray. The
conﬁrmation of the results was also checked by repeating
the synthesis process.
All the metal complexes are colored, solid and stable to-
ward air and moisture at room temperature. They decompose
on heating at high temperatures and more or less soluble in
common organic solvents. Comparative study results obtained
by microwave-assisted synthesis; versus conventional heating
method are that some reactions which required 2.5–7.9 h by
conventional method, were completed within 3.0–8.4 min by
the microwave irradiation technique and yields have been im-
proved from 57–78% to 76–90%. The comparison study data
of microwave and conventional methods, with analytical and
physical data of the compounds are given in Table 1. Analyt-
ical data show that the metal chelates have 1:1 or 1:2 (metal/li-
gand) stoichiometry. The observed molar conductance of the
complexes in DMSO at room temperature is consistent with
the electrolytic nature of the complexes while Co(II), Ni(II)
and Cu(II) complexes of HL1 show non-electrolytic nature.
3.1. FAB-mass spectra
The FAB-mass spectra suggested that all the complexes have a
monomeric nature. These complexes show molecular ion peaks
in good agreement with the empirical formula suggested by ele-
mental analyses.
The FAB-mass of the [Co(L1)2]2H2O complex exhibited the
molecular ion (M+) peak at m/z= 805 suggesting the mono-meric nature of the complex. The other important peaks of
appreciable intensity have been observed at m/z values, obs.
(calcd.) – 765(768), 610(608), 540(537), 445(445), 299(295)
and 115(119) suggesting the ion species after the successive
fragmentation of different groups. The intensities of these
peaks give the idea of the stabilities of the fragments. The
m/z value 805 corresponds to the nearest composition
[Co(L1)2]2H2O and 115 to Co metal with chelated N and O li-
gand moiety. The FAB-mass spectrum of the [Co(L2)(H2O)]Cl
complex showed a characteristic molecular ion (M+) peak at
m/z= 528, which corresponds to the molecular weight of the
complex for a monomeric structure. The mass spectrum shows
multiple peaks representing successive degradation of the
complex molecule by the formation of different fragments.
The peaks of appreciable intensity have been observed at m/z
values, obs. (calcd.) – 526(528), 492(491), 472(473), 390(396),
319(316), 281(280), 188(193) and 103(105) suggesting the frag-
mentation pattern. The m/z value 528 corresponds to the near-
est composition of [Co(L2)(H2O)]Cl and 103 corresponds to
Co metal with chelated O and N ligand moiety (Dubey
et al., 2008; Mishra et al., 2009, 2011).
3.2. 1H-NMR spectra
The proton NMR spectra of the Schiff base ligands were re-
corded in DMSO-d6 solution using TMS as internal standard.
The 1H-NMR spectra of the HL1 ligand showed the signal at
7.254–7.689 (m) d for aromatic proton and 8.764 (s) d for
azomethine proton. The peak at 9.866 (s) attributed to the
phenolic –OH group, disappeared upon addition of D2O.
Table 1 Comparative results of conventional and microwave methods, analytical and physical data of the compounds.
Compound
(Color)
Reaction period Yield (%) Elemental analysis; found (calcd.) % aKm
CM (h) MM (min) CM MM C H N M
HL1 3.4 3.6 77 88 43.79 2.20 7.81 – –
(Yellow) (43.91) (2.27) (7.88)
[Cr(L1)2(H2O)2]ClÆ2H2O 7.9 8.4 60 78 35.88 2.50 6.38 5.88 82.9
(Dark green) (35.95) (2.55) (6.45) (5.99)
[Co(L1)2]Æ2H2O 6.5 7.1 64 79 38.81 2.21 6.86 7.30 11.5
(Brownish green) (38.84) (2.26) (6.97) (7.33)
[Ni(L1)2]Æ2H2O 7.1 6.9 67 80 38.78 2.16 6.89 7.19 8.6
(Brown) (38.85) (2.24) (6.97) (7.30)
[Cu(L1)2]Æ2H2O 7.2 7.6 69 82 38.55 2.19 6.88 7.78 10.3
(Blackish green) (38.61) (2.24) (6.93) (7.86)
HL2 2.5 3.0 78 90 57.88 3.07 3.30 – –
(Light yellow) (57.93) (3.16) (3.38)
[Cr(L2)(H2O)3]Cl2 7.6 7.5 57 76 40.60 3.01 2.25 8.68 164.7
(Dark green) (40.67) (3.07) (2.37) (8.80)
[Co(L2)(H2O)]Cl 7.2 7.6 64 78 45.52 2.59 2.60 11.13 108.9
(Greenish brown) (45.66) (2.68) (2.66) (11.20)
[Ni(L2)(H2O)3]Cl 6.6 6.9 72 81 42.68 3.16 2.41 10.36 116.4
(Dark yellow) (42.75) (3.23) (2.49) (10.45)
[Cu(L2)(H2O)]Cl 7.2 7.4 68 84 45.20 2.61 2.60 11.89 111.6
(Dark brown) (45.26) (2.66) (2.64) (11.97)
CM= Conventional method; MM=Microwave method.
a Km = (O
1 cm2 mol1).
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signal at 6.981–7.731 (m) d for aromatic proton and 8.387 (s)Figure 4 1H-NMR specd for azomethine proton. The peak at 9.557 (s) attributed to
the phenolic –OH group, disappeared upon shaking D2Otrum of HL2 ligand.
132 R.K. Jain, A.P. Mishra(Garg and Kumar, 2003; Ourari et al., 2006; Raman et al.,
2007).
3.3. IR spectra
The data of the IR spectra of Schiff base ligands and their
complexes are listed in Table 2. The IR spectra of the com-
plexes were compared with those of the free ligand in order
to determine the involvement of the coordination sites in che-
lation. Characteristic peaks in the spectra of the ligand and
complexes were considered and compared.
IR spectrum of the HL1 ligand exhibited the most charac-
teristic bands at 3322 cm1 m(O–H), 1625 cm1 m(C‚N, azo-
methine) and 1248 cm1 m(C–O). The ligand spectrum
showed bands at 3322 and 1352 cm1 due to the stretching
and deformation of the phenolic OH. These are absent in the
spectra of the complexes. The band 1625 cm1 due to the azo-
methine group of the Schiff base has shifted to a lower fre-
quency (1598–1605 cm1) after complexation, indicating the
bonding of nitrogen of the azomethine group to the metal
ion and this can be explained by the donation of electrons from
nitrogen to the empty d-orbital of the metal atom. The pheno-
lic C–O stretching vibration that appeared at 1249 cm1 in
Schiff base shifts toward higher frequencies (19–26 cm1) in
the complexes. This shift conﬁrms the participation of oxygen
in the C–O–M bond. The appearance of broad bands at
around (3356–3381 cm1) in the spectra of complexes may be
due to water molecules. A band of medium intensity at
812 cm1 in Cr(III), suggests the presence of coordinated water
molecules in the Cr(III) complex. But this band is not observed
in the Ni(II), Co(II) and Cu(II) complexes, indicating the ab-
sence of coordinated water molecules in these complexes. In
the low frequency region, the band of weak intensity observed
for the complexes in the region 532–542 cm1 is attributed to
(M–O), in the region 495–500 cm1 to (M–N) (Abdallah
et al., 2010; Nakamoto, 1998; Omar and Mohamed, 2005;
Sujamol et al., 2010).
IR spectrum of the HL2 ligand showed the most character-
istic bands at 3310 cm1 m(O–H), 1620 cm1 m(C‚N, azome-
thine), 1681 cm1 m(C‚O) and 1242 cm1 m(C–O). The
ligand spectrum showed bands at 3310 and 1367 cm1 due to
the stretching and deformation of the phenolic OH. These
are absent in the spectra of the complexes. The band
1620 cm1 due to the azomethine group of the Schiff base
has shifted to lower frequencies (1592–1602 cm1) after com-
plexation, indicating the bonding of nitrogen of the azome-
thine group to the metal ion. The band 1681 cm1 due to theTable 2 IR bands of Schiff base ligands and their complexes.
Compound m(C‚N) m(O–H) m(C–O
HL1 1625 3322 1249
[Cr(L1)2(H2O)2] ClÆ2H2O 1598 – 1274
[Co(L1)2]Æ2H2O 1605 – 1270
[Ni(L1)2]Æ2H2O 1600 – 1275
[Cu(L1)2]Æ2H2O 1599 – 1268
HL2 1620 3310 1242
[Cr(L2)(H2O)3]Cl2 1596 – 1265
[Co(L2)(H2O)]Cl 1600 – 1271
[Ni(L2)(H2O)3]Cl 1602 – 1268
[Cu(L2)(H2O)]Cl 1592 – 1264carbonyl group of the Schiff base has been shifted to lower fre-
quencies by 19–22 cm1 in the spectrum of complexes, indicat-
ing the involvement of coordination of carbonyl oxygen to
metal ions. The phenolic C–O stretching vibration that ap-
peared at 1242 cm1 in Schiff base shifts toward higher fre-
quencies (22–29 cm1) in the complexes. This shift conﬁrms
the participation of oxygen in the C–O–M bond. The appear-
ance of broad bands at around (3356–3392 cm1) in the spec-
tra of complexes may be due to water molecules. A band of
medium intensity at 786–802 cm1 (OH rocking), suggests
the presence of coordinated water in all the four complexes.
In the low frequency region, the band of weak intensity ob-
served for the complexes in the region 528–535 cm1 is attrib-
uted to (M–O) and in the region 492–497 cm1 to (M–N)
(Abdallah et al., 2010; Nakamoto, 1998; Omar and Mohamed,
2005; Sujamol et al., 2010).
3.4. Electronic spectra and magnetic moment
The electronic spectral data of the metal complexes in DMSO
solution are given in Table 3. The nature of the ligand ﬁeld
around the metal ion has been deduced from the electronic
spectra.
The electronic spectra of [Cr(L1)2(H2O)2]ClÆ2H2O and
[Cr(L2)(H2O)3]Cl2 show bands in the range of 18,105–
17,782 cm1, 24,222–24,113 and 33,985–35,412 cm1, which
may be assigned to 4A2gﬁ4T2g(F) (m1), 4A2gﬁ4T1g(F) (m2)
and 4A2gﬁ4T1g(P) (m3) transitions, respectively. The values of
magnetic moment for these complexes are 3.82 and
3.86 B.M., respectively. Thus the octahedral geometry has
been suggested for these complexes. The electronic spectra of
[Co(L1)2]2H2O and [Co(L
2)(H2O)]Cl exhibited bands in the re-
gion of 14,541–15,356 cm1 and 19,845–20,514 cm1 which
have tentatively been assigned to 4A2ﬁ4T1(F) (m2) and
4A2ﬁ4T1(P) (m3) transitions, respectively. The magnetic mo-
ment values of the complexes are 4.40 and 4.37 B.M. The ob-
served transitions are consistent with a tetrahedral geometry.
The absorption spectrum of [Ni(L1)2]2H2O exhibited bands
at 14,180 cm1 and 21,648 cm1, which have been tentatively
assigned to the transitions 1A1gﬁ1Eg (m1) and 1A1gﬁ1B2g
(m2), respectively. It is a diamagnetic complex, therefore square
planar geometry has been suggested. The electronic spectrum
of [Ni(L2)(H2O)3]Cl displayed three bands at 11,228 cm
1,
17,951 cm1 and 23,875 cm1 assignable to 3A2gﬁ3T2g(F)
(m1),
3A2gﬁ3T1g(F) (m2) and 3A2gﬁ3T1g(P) (m3) transitions,
respectively. The value of the magnetic moment is 3.05 B.M.;
therefore octahedral geometry has been suggested for this) m(C‚O) (H2O) m(M–O) m(M–N)
– – – –
– 3356,812 540 495
– 3381 538 497
– 3372 542 500
– 3375 532 498
1681 – – –
1662 3356,802 528 494
1661 3374,796 535 497
1660 3392,786 533 492
1658 3381,800 530 495
Table 3 Magnetic moment values, electronic spectral data and ligand ﬁeld parameters data of complexes.
Complex leﬀ (B.M.) Spectral bands (cm
1) Transitions Ligand ﬁeld parameter
10Dq (cm1) B (cm1) b b% LFSE (kJ mol1)
[Cr(L1)2(H2O)2]ClÆ2H2O 3.82 18,105
4A2gﬁ4T2g(F) 18,105 584 0.57 43.27 259.57
24,222 4A2gﬁ4T1g(F)
33,985 4A2gﬁ4T1g(P)
[Co(L1)2]Æ2H2O 4.36 –
4A2ﬁ 4T2 (F) – – – – –
14,541 4A2ﬁ4T1(F)
19,845 4A2ﬁ4T1(P)
[Ni(L1)2]Æ2H2O Dia. 14,180
1A1gﬁ1Eg – – – – –
21,648 1A1gﬁ1B2g
– 1A1gﬁ1B1g
[Cu(L1)2]Æ2H2O 1.85 13,112
2B1gﬁ2B2g – – – – –
19,642 2B1gﬁ2Eg
[Cr(L2)(H2O)3]Cl2 3.86 17,782
4A2gﬁ4T2g(F) 17,782 612 0.59 40.56 254.94
24,113 4A2gﬁ4T1g(F)
35,412 4A2gﬁ4T1g(P)
[Co(L2)(H2O)]Cl 4.37 –
4T1gﬁ4T2g(F) – – – – –
15,356 4T1gﬁ4A2g(F)
20,514 4T1gﬁ4T1g(P)
[Ni(L2)(H2O)3]Cl 3.05 11,228
3A2gﬁ3T2g(F) 11,228 543 0.52 47.86 160.97
17,951 3A2gﬁ3T1g(F)
23,875 3A2gﬁ3T1g(P)
[Cu(L2)(H2O)]Cl 1.89 14,218
2B1gﬁ2B2g – – – – –
18,496 2B1gﬁ2Eg
Microwave synthesis, spectral, thermal, 3D molecular modeling analysis 133complex. The electronic spectra of the [Cu(L1)2]Æ2H2O and
[Cu(L2)(H2O)]Cl showed two bands at 13,112–14,218 cm
1
and 19,642–18,496 cm1 assignable to 2B1gﬁ2B2g and
2B1gﬁ2Eg transitions, respectively. Since the values of the mag-
netic moment for these complexes are found to be 1.85 and
1.89 B.M.; square planar geometry has been suggested for
these Cu(II) complexes.
The different parameters such as ligand ﬁeld splitting en-
ergy (10 Dq), Racah inter-electronic repulsion parameter (B),
nephelauxetic ratio (b), percent of covalent character (b%)
and ligand ﬁeld stabilization energy (LFSE) have been calcu-
lated, the values of these parameters are given in Table 3
(Chandra et al., 2009; Dutta and Syamal, 1993; Lever, 1984;
Neelakantan et al., 2008).
3.5. ESR spectra
The ESR spectra of Cu(II) provide information about the ex-
tent of delocalization of unpaired electrons. The X-band ESRTable 4 Kinetic and thermodynamic parameters of complexes.
Complex Method Temp. (C)/Dec. stage E* (kJ mol1)
[Ni(L1)2]Æ2H2O P–N 90/Ist 24.99
C–R 40.02 1
P–N 331/IInd 54.61
C–R 75.93 3
P–N 520/IIIrd 88.19 1
C–R 124.31
[Ni(L2)(H2O)3]Cl P–N 165/Ist 38.72
C–R 50.79 5
P–N 350/IInd 56.02
C–R 79.43 7
P–N 528/IIIrd 79.27
C–R 125.98spectra of the Cu(II) complexes were recorded in the solid state
at room temperature and their gk, g^, Dg, gav, G have been cal-
culated. The values of ESR parameters gk, g^, gav, Dg, G for
Cu(II) complex of HL1 are 2.1701, 2.0391, 2.1188, 0.077,
1.8452, respectively. Similarly, the corresponding values for
Cu(II) complex of HL2 are 2.2416, 2.0832, 2.1888, 0.1584,
2.9507, respectively.
The gk> 2.3 is a characteristic of an ionic environment and
gk< 2.3 indicates a covalent environment in the metal–ligand
bonding. The exchange coupling interaction between two
Cu(II) ions is explained by the Hathaway expression
G= (gk  2.0023)/(g^  2.0023). According to Hathaway, if
the value of G is greater than 4 (G> 4.0), the exchange inter-
action is negligible; whereas when the value of G is less than 4
(G< 4.0) a considerable exchange coupling is present in solid
complex. The G values for the Cu(II) complexes are less than
four indicating, considerable exchange interaction in the com-
plexes (Hathaway, 1987; Hathaway and Billing, 1970; Mishra
and Pandey, 2005).Z (S1) DS* (JK1 mol1) DH* (kJ mol1) DG* (kJ mol1)
3.0 · 105 332.7 18.04 138.80
.50 · 101 224.1 33.07 114.40
6.0 · 104 312.9 43.04 232.02
.97 · 103 181.9 64.37 174.25
.49 · 102 288.1 73.01 301.46
3.0 · 106 129.4 109.12 211.71
1.9 · 103 300.2 30.34 161.83
.06 · 101 215.5 42.41 136.80
3 · 104 320.0 44.09 243.44
.31 · 103 177.1 67.50 177.83
1.1 · 103 309.6 63.93 311.95
4.0 · 107 108.1 110.64 197.24
Figure 5 3D Structure of [Cu(L1)2]Æ2H2O complex.
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The thermal behavior of metal complexes shows that the hy-
drated complexes lose molecules of hydration ﬁrst; followed
by the decomposition of ligand molecules in the subsequent
steps.
The thermal degradation behavior of the Ni(II) complex of
HL1 has been studied by thermogravimetric analysis. The TG
curve of the complex shows that the complex starts decompo-
sition at 75 C. Elimination of lattice water molecules has been
observed on increasing the temperature up to 110 C (remain-
ing wt.%, obs./calcd., 95.82/95.53). The complex does not
show any loss in weight between 110 and 185 C. After
185 C, a loss in weight has been observed in general up to
370 C corresponding to the loss of partially decomposed li-
gand part from the complex (remaining wt.%, obs./calcd.,
56.95/56.7). Above 425 C, loss in weight has been observed
up to 600 C. This indicates the elimination of the remaining
thermally degradable part of the complex. After 600 C a hor-
izontal curve has been observed which corresponds to a mix-
ture of metal oxide as an ultimate pyrolysis product
(remaining wt.%, obs./calcd., 24.64/23.50). DTG peak has
been observed for the Ni(II) complex at 90, 331 and 520 C
(Al-Shihri and Abdel-Fattah, 2003).
The thermogram of the Ni(II) complex of HL2 shows that
the complex is stable up to 105 C. This indicates the absence
of lattice water molecule in the complex. On increasing the
temperature decomposition started between temperatures 105
and 190 C, corresponding to elimination of three coordinated
water molecules (remaining wt.%, obs./calcd., 91.20/90.93).
After this temperature, a loss in weight has been observed in
general up to 400 C corresponding to the loss of partially
decomposed ligand part from the complex (remaining wt.%,
obs./calcd., 51.55/50.36). After 400 C, temperature a weightloss has been observed up to 580 C, suggesting the elimination
of the remaining part of the ligand. Above 580 C, a constant
weight region has been observed due to metal oxide, as a ﬁnal
pyrolysis product (remaining wt.%, obs./calcd., 21.60/20.17).
DTG curve of the complex shows peaks at 165, 350 and
528 C (Thankamony et al., 2009).
3.7. Kinetic study
The kinetic evaluations of the thermal decomposition of the
complexes were carried out. All stages were selected for the
study of kinetics of decomposition of complexes. The kinetic
parameters data are summarized in Table 4. On the basis of
thermal decomposition, the kinetic analysis parameters such
as activation energy (E*), pre-exponential factor (Z), entropy
of activation (DS*), enthalpy of activation (DH*) and free en-
ergy of activation (DG*) were calculated by using Piloyan and
Novikova (1966) and Coats and Redfern (1964) equation
(Madhu et al., 2003; Mohamed et al., 2006; Wang et al.,
2009).3.8. Electrical conductivity
The temperature dependence of the solid state conductivity (r)
of the compounds in their compressed pellet form has been
measured at a ﬁxed frequency of 1 kHz in the temperature
range 297–397 K. The values of the solid state electrical con-
ductivity of the Schiff base and its complexes increase with
increasing temperature and decrease upon cooling over the
studied temperature range indicating its semiconducting
behavior. The general behavior of electrical conductivity fol-
lows the Arrhenius equation:
r ¼ ro expðEa=KTÞ
Table 5 Various bond lengths (A˚) of [Cu(L1)2]Æ2H2O complex.
Sr.
No.
Atoms Actual bond
lengths
Optimal bond
lengths
Sr.
No.
Atoms Actual bond
lengths
Optimal bond
lengths
1 O(40)–H(57) 0.9854 0.942 13 N(16)–Cu(19) 1.3504 1.303
2 O(36)–H(56) 0.9542 0.942 14 N(16)–C(18) 1.2582 1.26
3 N(39)–O(41) 1.1542 – 15 N(15)–Cu(19) 1.2911 1.303
4 N(39)–O(40) 1.3103 – 16 N(15)–C(17) 1.269 1.26
5 C(38)–N(39) 1.2995 1.456 17 N(14)–C(27) 1.2888 1.358
6 N(35)–O(37) 1.1909 – 18 N(14)–C(24) 1.2819 1.358
7 N(35)–O(36) 1.3553 – 19 N(14)–N(16) 1.309 1.418
8 C(34)–N(35) 1.2693 1.456 20 C(13)–N(15) 1.314 1.456
9 C(27)–Cl(32) 1.7618 1.719 21 C(12)–O(29) 1.3716 1.355
10 C(23)–Cl(31) 1.6858 1.719 22 C(9)–Br(28) 1.9284 1.881
11 Cu(19)–O(29) 1.8306 – 23 C(6)–Br(30) 1.9662 1.881
12 Cu(19)–O(33) 1.817 – 24 C(3)–O(33) 1.3508 1.355
Table 6 Various bond angles () of [Cu(L1)2]Æ2H2O complex.
Sr. No Atoms Actual bond angles Optimal bond angles Sr. No. Atoms Actual bond angles Optimal bond angles
1 H(57)–O(40)–N(39) 103.3128 – 27 O(33)–Cu(19)–N(16) 107.5363 –
2 O(41)–N(39)–O(40) 111.7266 – 28 O(33)–Cu(19)–N(15) 96.4851 –
3 O(41)–N(39)–C(38) 108.995 – 29 N(16)–Cu(19)–N(15) 130.8273 –
4 O(40)–N(39)–C(38) 108.9651 – 30 H(49)–C(18)–N(16) 119.2852 116.5
5 N(39)–C(38)–C(26) 119.2267 120 31 N(16)–C(18)–C(7) 132.5546 123.5
6 N(39)–C(38)–C(25) 123.4509 120 32 H(48)–C(17)–N(15) 117.3541 116.5
7 C(26)–C(38)–C(25) 117.184 120 33 N(15)–C(17)–C(4) 125.217 123.5
8 H(56)–O(36)–N(35) 109.8042 – 34 Cu(19)–N(16)–C(18) 114.0996 –
9 O(37)–N(35)–O(36) 107.3729 – 35 Cu(19)–N(16)–N(14) 120.5714 –
10 O(37)–N(35)–C(34) 107.9662 – 36 C(18)–N(16)–N(14) 120.5567 –
11 O(36)–N(35)–C(34) 109.0107 – 37 Cu(19)–N(15)–C(17) 112.3561 –
12 N(35)–C(34)–C(22) 116.5149 120 38 Cu(19)–N(15)–C(13) 115.595 –
13 N(35)–C(34)–C(21) 125.6636 120 39 C(17)–N(15)–C(13) 118.8395 –
14 C(22)–C(34)–C(21) 117.6805 120 40 C(27)–N(14)–C(24) 117.4336 –
15 Cu(19)–O(33)–C(3) 112.9889 – 41 C(27)–N(14)–N(16) 119.0732 –
16 Cu(19)–O(29)–C(12) 109.609 – 42 C(24)–N(14)–N(16) 118.3793 –
17 Cl(32)–C(27)–C(26) 115.8181 118.8 43 C(23)–C(13)–N(15) 124.82 120
18 Cl(32)–C(27)–N(14) 121.5795 – 44 C(20)–C(13)–N(15) 113.0208 120
19 C(26)–C(27)–N(14) 122.4642 120 45 O(29)–C(12)–C(11) 116.976 124.3
20 H(53)–C(24)–N(14) 124.4641 116.5 46 O(29)–C(12)–C(7) 121.3567 124.3
21 C(25)–C(24)–N(14) 117.1652 123.5 47 Br(28)–C(9)–C(10) 109.8628 118.1
22 Cl(31)–C(23)–C(22) 118.1478 118.8 48 Br(28)–C(9)–C(8) 127.9795 118.1
23 Cl(31)–C(23)–C(13) 123.1726 118.8 49 Br(30)–C(6)–C(5) 124.1588 118.1
24 O(29)–Cu(19)–O(33) 107.1629 – 50 Br(30)–C(6)–C(1) 120.4291 118.1
25 O(29)–Cu(19)–N(16) 98.1007 – 51 O(33)–C(3)–C(4) 117.6005 124.3
26 O(29)–Cu(19)–N(15) 115.1242 – 52 O(33)–C(3)–C(2) 121.8181 124.3
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the conductivity constant and K is the Boltzman constant. The
plots of r vs 1000/T for all the compounds are found to be
linear over a studied temperature range. The electrical conduc-
tivity at room temperature are: Cr(III)-HL1 = 1.24 · 106
ohm1cm1; Co(II)-HL1 = 5.62 · 107 ohm1cm1; Ni(II)-
HL1 = 1.08 · 108 ohm1cm1; Cu(II)-HL1 = 8.30 · 108
ohm1cm1; Cr(III)-HL2 = 4.43 · 107 ohm1cm1; Co(II)-
HL2 = 7.32 · 108 ohm1cm1; Ni(II)-HL2 = 6.45 · 109
ohm1cm1; Cu(II)-HL2 = 3.14 · 108 ohm1cm1. These
values show their semi-conducting nature. The activation
energy of the compound lies in the range 0.203–0.798 eV
(Makode et al., 2009; Wahed et al., 2003). The conﬁrmation
of the temperature dependence conductivity of the compounds
was also checked by repeating the conductivity measurements.3.9. 3D structural molecular modeling and analyses
The geometry of the Cu(II) complex of HL1 (Fig. 5) was
optimized by CHEM 3D Ultra. Minimization of energy
was repeated several times to ﬁnd the global minimum. The
theoretical physical parameters such as bond lengths and
bond angles were calculated and the selected data are pre-
sented in Tables 5 and 6 (Maurya and Rajput, 2006, 2007;
Maurya et al., 2003; Mishra, 2010).
3.10. Antimicrobial activities
The bactericidal and fungicidal investigation data of the com-
pounds are summarized in Tables 7 and 8. The results of the
investigations account for the antipathogenic behavior of the
Table 7 Antibacterial screening data for the ligands and their complexes.
Compound E. coli S. aureus
Diameter of inhibition zone (mm) % Activity indexa Diameter of inhibition zone (mm) % Activity indexa
25 50 100 25 50 100 25 50 100 25 50 100
HL1 12 15 18 55 63 64 11 14 16 61 64 67
Cr(III)–HL1 14 16 20 64 67 71 12 15 18 67 68 75
Co(II)–HL1 19 22 27 86 92 96 15 19 22 83 86 92
Ni(II)–HL1 16 19 24 73 79 86 13 16 18 72 73 75
Cu(II)–HL1 18 20 25 82 83 89 15 19 21 83 86 88
HL2 11 13 16 50 54 57 10 13 15 56 59 63
Cr(III)–HL2 11 14 17 50 58 61 12 15 17 67 68 71
Co(II)–HL2 16 18 22 73 75 79 13 17 19 72 77 79
Ni(II)–HL2 14 16 20 64 67 71 12 16 18 67 73 75
Cu(II)–HL2 16 19 23 73 79 82 14 18 21 78 82 88
Streptomycin(Standard) 22 24 28 100 100 100 18 22 24 100 100 100
a %Activity Index Zone of inhibition by test compoundðdiameterÞzone of inhibition by standardðdiameterÞ  100.
Table 8 Antifungal screening data for the ligands and their complexes.
Compound Diameter of inhibition zone (mm), Concentration (ppm)
A. niger C. albicans
25 50 100 25 50 100
HL1 10 13 16 11 12 16
Cr(III)–HL1 11 14 18 13 15 19
Co(II)–HL1 14 18 23 16 18 23
Ni(II)–HL1 12 17 21 15 17 22
Cu(II)–HL1 15 19 24 17 19 24
HL2 12 17 21 11 14 18
Cr(III)–HL2 12 16 22 15 18 22
Co(II)–HL2 15 20 25 19 21 26
Ni(II)–HL2 14 20 25 16 19 24
Cu(II)–HL2 16 21 26 18 20 25
Miconazole (standard) 20 25 30 22 24 29
136 R.K. Jain, A.P. Mishracompounds and this efﬁcacy is positively modiﬁed on complex-
ation. Overtone’s Concept and Chelation Theory explain well
this drug action (Chohan et al., 2001, 2004; Mohamed et al.,
2009; Tweedy, 1964).4. Conclusion
In the present research studies, our efforts were to synthesize
and characterize some new compounds from the conven-
tional as well as microwave methods. Microwave method
has been considered a green chemical route. These synthe-
sized compounds were characterized by various physico-
chemical and spectral analyses. In the course of microwave
assisted synthesis, it was observed that the reaction time de-
creased from hours to minutes and the product was available
with better yield as compared to the conventional method.
Use of solvent is also minimized. The synthesized Schiff base
HL1 binds the metal ions in a bidentate manner with ON
donor sites of the deprotonated phenolic oxygen and azome-
thine nitrogen, whereas HL2 ligand binds the metal ions in a
tridentate manner with ONO donor sites of the deprotonated
phenolic oxygen, azomethine nitrogen and carbonyl oxygen.The 1H-NMR data suggest that both the Schiff base ligands
deprotonated after complexation. FAB-mass and thermal
data show degradation pattern of the complexes. Such metal
complexes may be stereoselective and stereoactive in nature
to be applicable for various catalytic reactions. Thermogravi-
metric study reﬂects their thermal stability. Electrical con-
ductivity data suggest that all the complexes fall in the
semi-conducting range. The antimicrobial data showed the
metal complexes to be more biologically active compared
to those parent Schiff base ligands against all pathogenic
species. Such studies may assist to search some novel chemo-
therapeutics to answer the emerging problem of drug resis-
tance in health sciences.Acknowledgements
We are thankful to I.I.T. Mumbai for ESR analysis. We also
acknowledge SAIF, CDRI, Lucknow, for micro-analysis and
spectral analyses. Thanks are also due to the Head, Depart-
ment of Chemistry, Botany and Physics, Dr. Hari Singh Gour
University, Sagar (M.P.), for providing laboratory facilities.
Microwave synthesis, spectral, thermal, 3D molecular modeling analysis 137References
Abdallah, S.M., Zyed, M.A., Mohamed, G.G., 2010. Arab. J. Chem.
3, 103.
Al-Shihri, A.S.M., Abdel-Fattah, H.M., 2003. J. Therm. Anal. Cal. 71,
643.
Bagihalli, G.B., Patil, S.A., Badami, P.S., 2009. J. Iran. Chem. Soc. 6,
259.
Chandra, S., Kumar, U., 2005. Spectrochim. Acta 61A, 219.
Chandra, S., Sharma, A.K., 2009. J. Coord. Chem. 62, 3688.
Chandra, S., Jain, D., Sharma, A.K., Sharma, P., 2009. Molecules 14,
174.
Chohan, Z.H., Munawar, A., Supuran, C.T., 2001. Met. Based Drugs
8, 137.
Chohan, Z.H., Pervez, H., Rauf, A., Khan, K.M., Supuran, C.T.,
2004. J. Enzyme Inhib. Med. Chem. 39, 417.
Coats, A.W., Redfern, J.P., 1964. Nature 201, 68.
Dubey, R.K., Dubey, U.K., Mishra, C.M., 2008. Indian J. Chem. 47A,
1208.
Dutta, R.L., Syamal, A., 1993. Elements of Magneto Chemistry,
second ed. Afﬁliated East West Press, New Delhi.
Garg, B.S., Kumar, D.N., 2003. Spectrochim. Acta 59A, 229.
Garg, R., Saini, M.K., Fahmi, N., Singh, R.V., 2006. Trans. Met.
Chem. 31, 362.
Hathaway, B.J., 1987. In: Comprehensive Coordination Chemistry,
vol. 5. Pergamon Press U.K.
Hathaway, B.J., Billing, D.E., 1970. Coord. Chem. Rev. 5, 143.
Issa, R.M., Khedr, A.M., Rizk, H., 2008. J. Chin. Chem. Soc. 55, 875.
Lever, A.B.P., 1984. Inorganic Electronic Spectroscopy, second ed.
Elsevier, New York.
Madhu, N.T., Radhakrishnan, P.K., Grunert, M., Weinberger, P.,
Linert, W., 2003. Spectrochim. Acta 407A, 73.
Mahajan, K., Fahmi, N., Singh, R.V., 2007. Indian J. Chem. 46A,
1221.
Mahajan, K., Swami, M., Singh, R.V., 2009. Russ. J. Coord. Chem.
35, 179.
Makode, J.T., Yaul, A.R., Bhadange, S.G., Aswar, A.S., 2009. Russ. J.
Inorg. Chem. 54, 1372.
Maurya, R.C., Chourasia, J., Sharma, P., 2008. Indian J. Chem. 47A,
517.
Maurya, R.C., Pandey, A., Chourasia, J., Martin, H., 2006. J. Mol.
Struct. 798, 89.
Maurya, R.C., Rajput, S., 2006. J. Mol. Struct. 794, 24.Maurya, R.C., Rajput, S., 2007. J. Mol. Struct. 833, 133.
Maurya, R.C., Verma, R., Singh, H., 2003. Synth. React. Inorg. Met.-
Org. Chem. 33, 1063.
Mishra, A.P., Mishra, R.K., Shrivastava, S.P., 2009. J. Serb. Chem.
Soc. 74, 523.
Mishra, A.P., Sharma, N., Jain, R., 2011. J. Indian Chem. Soc. 88,
1429.
Mishra, A.P., Pandey, L.R., 2005. Indian J. Chem. 44A, 94.
Mishra, P., 2010. Int. J. Pharm. Sci. Rev. Res. 2, 87.
Mohamed, G.G., Omar, M.M., Hindy, A.M., 2006. Turk. J. Chem. 30,
361.
Mohamed, G.G., Omar, M.M., Ibrahim, A.A., 2009. Eur. J. Med.
Chem. 44, 4801.
Mohanan, K., Kumari, B.S., Rijulal, G., 2008. J. Rare Earths 26,
16.
Nakamoto, K., 1998. Infrared and Raman Spectra of Inorganic and
Coordination Compounds, ﬁfth ed. John Wiley & Sons, New York,
Part A & B.
Neelakantan, M.A., Marriappan, S.S., Dharmaraja, J., Jeyakumar, T.,
Muthukumaran, K., 2008. Spectrochim. Acta 71A, 628.
Omar, M.M., Mohamed, G.G., 2005. Spectrochim. Acta 61A, 929.
Ourari, A., Ourari, K., Moumeni, W., Sibous, L., 2006. Trans. Met.
Chem. 31, 169.
Piloyan, G.O., Novikova, O.S., 1966. Russ. J. Inorg. Chem. 12, 313.
Raman, N., Raja, S.J., Joseph, J., Raja, J.D., 2007. J. Chil. Chem. Soc.
52, 1138.
Sharma, K., Singh, R., Fahmi, N., Singh, R.V., 2010. Spectrochim.
Acta 75A, 422.
Soliman, A.A., Mohamed, G.G., 2004. Thermochim. Acta 421, 151.
Spinu, C., Kriza, A., Spinu, L., 2001. Acta Chim. Slov. 48, 257.
Sujamol, M.S., Athira, C.J., Sindhu, Y., Mohanan, K., 2010.
Spectrochim. Acta 75A, 106.
Sun, Y., Machala, M.L., Castellano, F.N., 2010. Inorg. Chim. Acta
363, 283.
Temel, H., Ilhan, S., Aslanoglu, M., Kilic, A., Tas, E., 2006. J. Chin.
Chem. Soc. 53, 1027.
Thankamony, M., Sindhu, K.B., Rijulal, G., Mohanan, K., 2009. J.
Therm. Anal. Cal. 95, 259.
Tweedy, B.G., 1964. Phytopathology 55, 910.
Wahed, M.G., Bayoumi, H.A., Mohamme, M.I., 2003. Bull. Korean
Chem. Soc. 24, 1313.
Wang, Y.F., Liu, J.F., Xian, H.D., Zhao, G.L., 2009. Molecules 14,
2582.
